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An error is pointed out in the calculation by Puthoff [Phys. Rev. A 40, 4857 (1990)]. The result ob-
tained is consistent with the interpretation of the zero-point field as dynamically generated by the motion
of charged particles, but does not supply any explanation for the cosmic large-number coincidences.
The purpose of this Comment is to clarify what the
correct implications of the calculations made by Puthoff
[1]are. I start putting the problem in perspective.
The hypothesis of an electromagnetic radiation with
energy —,'Ace per normal mode, present even at the abso-
lute zero of temperature, goes back to Planck in his
second blackbody formula [2]. A short time after, Nernst
proposed that such zero-point radiation could provide an
explanation for the stability of atoms [3]. With the
discovery of quantum mechanics in the 1920s, the zero-
point radiation reappeared in a more firm basis as a
straightforward consequence of field quantization. How-
ever, it lost the status of a real field to become a "virtual"
or purely mathematical construction. Nevertheless, as
time elapsed, the reality of the zero-point field has been
increasingly accepted by the community in order to un-
derstand phenomena such as the Casimir effect or the
squeezed states of light. In parallel, a few people have at-
tempted to arrive at a (nonorthodox) understanding of
quantum mechanics starting from Nernst's idea,
rediscovered by Braffort et al. in the 1950s, by Marshall
in the early 1960s, and by other people later, and
developed since then under the name of stochastic (or
random) electrodynamics [4]. The hypothesis that the
zero-point field causes the quantum Auctuations and it is,
on the other hand, created by these fluctuations in a self-
consistent manner is the basis of stochastic electrodynam-
ics, as expressed several times in the past [5]. The
Puthoff calculation shows that this hypothesis is compati-
ble with the cosmological standard model.
The essential content of the second and third (unnum-
bered) sections of the commented paper is the study of
the classical scattering of electromagnetic radiation by a
free charged point particle; that is, Thomson scattering.
The calculation could have been considerably shortened
by realizing that the scattering does not change either the
spectrum or the isotropy of the radiation, which are rath-
er trivial consequences of the isotropy of the radiation in-
corning in the particle plus the fact that Thomson scatter-
ing does not change the frequency of the radiation (in
contrast with Compton scattering, for example). Then,
the final result of the third section [formula (20)] could be
written in terms of the Thomson cross section
o =(8n./3)(e /mc ) as
p;=poo/(4~r ), po=firo /(2' c ) .
In the fourth section, the author tries to relate the
zero-point field with cosmology, but the calculation is
wrong. His starting equation (24) can be written, using
(1), as
p= fp;rt4mr dr =f crportdr =f opoilc dt . (2)
It can be shown that po may be taken out of the integral,
as the author does, and we get, for the relevant parameter
y, the result
y=p/po= f og(t)c dt, (3)
—=0.02[(1+z) —1], (4)
in terms of the redshift z, Ho being Hubble's constant and
go the number density of electrons at the present epoch.
The optical depth diverges with z~ ~, in contrast with
the finite result obtained by Puthoff, the error in his cal-
culation being due to incorrect cancellations of the z
dependence in the factors of the integral (2).
The result obtained, Eq. (4), means that the zero-point
radiation reaching us experienced last scattering from
sources that range local sources out of about z =13, and
has been scattered infinitely many times in the past. [Of
course, most electrons in the universe are not free at
present, but bound in hydrogen atoms. Therefore, the
Thomson scattering formula and Eq. (4}are only valid for
frequencies above, say, near ultraviolet. In particular,
microwave radiation, either zero-point or thermal, has
not been scattered since z —= 1000. ] In my opinion, this is
more satisfactory for an interpretation of the zero-point
field as dynamically generated by the motion of charged
particles than previous Puthoff's result of a single scatter-
ing during the whole life of the universe. In my opinion,
however, the result (4} does not supply a convincing ex-
planation for the large-number coincidences mentioned at
the end of the commented paper. The result merely
shows again the relation between the large-number coin-
cidences and the value of the Thomson optical depth [6].
I acknowledge Dr. Puthoff and Dr. Barcons for useful
comments.
which is just the (Thomson) optical depth for scattering
of radiation by electrons, 71(t) being the number density
of electrons in the universe at time t. The integral (3) is
straightforward and we obtain the standard result [6]
y = —,'o ilocHO ' [(1+z) —1]
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